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ABSTRACT 



The disposal of sewage treatment plant sludges 
poses a serious problem. Potentially, these materials could 
be used as fertilizers on agricultural lands. This would be 
a double benefit acting as a disposal mechanism as well as 
a source of plant nutrients. On the other hand, a variety 
of reports have appeared urging caution in this regard for 
fear of contamination of the land by other matrix constituents 
Among these are the potentially toxic heavy metals. 

A series of reports, most of which have appeared 
in the past year, describe the metal content of domestic 
sewage plant sludges and sewage sludge fertilizers. A 
selection of references is given at the end of this report. 

Researchers in several countries are presently 
developing projects designed to study the uptake by plants 
of heavy metals from sludged or otherwise metal contaminated 
soils. References on this subject also appear at the end 
of this report. 

Despite a good deal of activity in this subject 
area, it is clear, from the references available to date, that 
very little data exist which reliably describe plant-metal 
interactions. Perhaps the most serious omission is that 
little attempt has been made in these papers to provide data 
on precision and accuracy of results . 

The present study emphasizes the utilization of 
standard and control samples as tools for validating the 
data obtained. Because of the shortness of the investigation 
period no attempt was made to use statistical testing to 
provide a means for arriving at conclusions. It would seem 
too early to justify anything but a few generalizations. 

Appendix I of this report lists additional refe- 
rences not cited in the text Which may be of use to interes- 
ted readers. 



RESUKE 

L'utilisation des boues provenant des usines de 
traitement des eaux us^es constitue un probleme sgrieux. A 
premiere vue , cette matiere pourrait servir S engraisser les 
terres arables. Ceci serait doublement avantageux, en ce 
sens qu *on pourrait a la f ois se d^barasser des boues et s 'en 
servir coinine source nutritive pour les v^getaux . D ' autre 
part, il est paru une profusion de rapports insistant sur 
le danger possible d'une contamination du sol par des substances 
indesirables contenues dans ces boues. Parmi celles-ci on 
trouve les metaux lourds potent iellement toxiques. 

Une s6rie de rapports, la plupart publies 1 ' an 
dernier, decrivent le contenu en metal des boues des usines 
d'epuration des eaux domestiques et des engrais a base de 
boues d'eaux usSes. A la fin du rapport, on donne une 
bibliographie sommaire a ce sujet. 

Des chercheurs de plusieurs pays mettent actuellement 
au point des projets visant a 1 ' etude de 1 ' absorption des 
metaux lourds par les plantes a parti de sols contamines par 
les m€taux des boues ou d' autre origine. On trouvera aussi 
une bibliographie a ce sujet a la fin de ce rapport. 

Malgre le travail considerable fait dans ce secteur, 
il appert, d 'apres la bibliographie actuellement publiee, 
qu'il n'existe que tres peu de donnees decrivant de fagon 
fiable 1 ' interaction entre les plantes et les metaux. L'ommission 
la plus grave qu'on puisse reprocher ces publications et le 
fait qu ' on ne f ournit pas assez des donnees sur la precision 
et 1 ' exactitude des resultats . 

La presente gtude insiste sur l'utilisation 
d 'gchantillons normalises et d'echantillons temoins comme 
moyen d' assurer la credibilitee des donnees obtenues. A 
cause du peu de temps consacre a 1 'etude , on n ' a pas tente 
de soumettre les donnSes a un traitement statistique af in 
d'en arriver I des conclusions quelconques. A I'heure actuelle, 
on ne peut que se permettre quelques generalisations. 
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A 1* annexe I du rapport, les lecteurs intSresses 
trouveront une bibliographie de titres supplSmentaires non 
cites dans le corps du texte . 
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CHAPTER 1 

SLUDGE CHARACTERIZATION OF NORTH TORONTO, NEWMARKET 
AND POINT EDWARD SEWAGE TREATMENT PLANTS 

SLUDGE SAMPLING PROCEDURE 

Sludge samples were kindly provided by the staff at 
the sewage treatment plants concerned. Sampling frequency was 
weekly starting at a date when suitable chemical sludge became 
available from the plants (approximately December 19) . These 
samples provide the basis for the sludge characterization 
studies presented below. In addition, samplings were obtained 
on other days as required for other purposes. Sludge samples 
were dipped from tanks and placed in acid-washed plastic con- 
tainers (North Toronto) and clean glass containers (Point 
Edward and Newmarket. Point Edward, North Toronto and New- 
market sewage treatment plants employ alum, ferric chloride 
and lime, respectively, for phosphorus removal. These are 
the three presently emphasized methods used in Ontario plants. 

ANALYSIS PROCEDURE FOR SOLIDS 

The method used was similar to that outlined by Van 
Loon and Lichwa (1) for the elements Cd, Cr, Pb, V, Ni, Zn, Cu, 
Mn, and Fe. Procedures for Ag and Al were developed and are 
outlined below. A method for analysing mercury similar to 
that of Hatch and Ott (2) was modified and tested prior to this 
contract (3) and was used for the analysis of sludge samples. 



Procedure for V, Cd, Cr, Pb, Ni , Zn, Mn and Fe 

Mix sludge well in the bottle. Filter enough material 
to fill a 12.5 cm Whatman #541 filter paper * {folded in a 
conical filter) . Place in an oven and dry at lOO'-'C. Remove 
the filter and place the contents into a mortar^ and grind and 
mix well. Store samples in acid-washed plastic bottles. 

Weigh 0.5 g of sample into an acid washed 100 ml 
beaker and treat by acid extraction as recommended by Van Loon 
and Lichwa (1) . Make appropriate dilutions and run for each 
element using the atomic absorption spectrometer. 
Inclusion of Ag and Al into the Analytical Scheme 

It was desirable to analyse Ag and Al routinely in 
sludge. Silver has been found to be extremely toxic to lower 
life forms, e.g. algae (4) and thus might interfere with 
important soil biochemical reactions. Aluminum, one of the 
proposed treatments (in the compound alum) for sludge, has 
been shown to inhibit the germination of seeds (5) . 

It was felt that the use of an aqua regia treatment, 
as recommended above, for the decomposition of sludge might 
result in the precipitation of silver as insoluble silver 
chloride, thus rendering it unavailable for analysis by atomic 
absorption spectrometry. A variety of tests on methods for 
sludge decomposition (dry ashing, nitric acid leach etc.) were 
instituted to try to avoid the addition of chloride in a con- 
centrated form. Surprisingly, for most sludge samples, the 



* Metals are at least 1000 times more concentrated in the 
solids - comparatively very little being present in the liquid 
(see Table 6) . 



aqua regia treatment gave best results. In several cases, 
however, particularly with the North Toronto sludge, very low 
recoveries of silver were obtained. It is therefore recom- 
mended that the aqua regia procedure for sludge decomposition 
be tested as to its suitability for silver extraction for each 
sludge type encountered. Should this procedure fail, a nitric 
acid extraction of a dry ashed sludge sample can be used on 
separate samples for silver analysis. This alternative pro- 
cedure is not satisfactory for the extraction of some of the 
other elements (e.g. Cr, Ni and Pb in many sludges) . 

In the case of aluminum the acid extractable portion 
can be readily determined on the aqua regia main sample solu- 
tion without any decompositional procedural modifications. A 
nitrous oxide acetylene flame must, however, be utilized in 
the atomic absorption step. 

Results for the analyses of sludges at the various 
treatment plants are given in Tables (1, 2, 3). In all cases 
vanadium values were below the limit of detection (12 mg/1) and 
hence are not listed. 



Table (1) North Toronto 



Dec. 



Jan. 



Jan. 



Jan. 
O 



Jan. 

+ 



Feb. 

+ 



Feb. 
+ 



Feb. 

+ 

Feb. 

+ 



Mar. 

+ 



8 



Cd 



20 X 12 

min 10 
max 16 

5 X 13 
min 12 
max 13 

11 X 12 
min 11 
max 13 

17 X 12 
min 11 
max 15 

26 x 12 

min 12 
max 13 

2 x 16 
min 15 
max 17 



X 16 
min 13 
max 18 



15 X 17 



22 X 16 

min 15 

max 17 

2 X 21 

min 15 

max 29 



Cr 



440 
400 
460 

600 
590 
625 

620 
580 
650 

604 
530 
640 

530 
480 
570 

510 
490 
530 

527 
482 
572 



Pb 



100°C Dried 

Ni Cu Hg 
(mq/1) 



Mn 



Ag 



670 
620 
710 

810 
740 
840 

770 
780 
810 

760 
660 
830 

820 
800 
860 

910 
850 
930 

930 

840 

1020 



480 1200 



480 970 

470 930 

520 1000 

700 1080 

540 840 

870 1380 



27 880 
23 820 
30 920 



40 
33 
48 

24 
22 
27 

23 
21 
30 

27 
26 
27 

26 
21 

29 

26 
21 
30 

28 



21 
16 
22 

51 
25 
72 



950 

910 

1000 

960 

890 

1030 

930 

890 

1000 

860 
845 
865 

1070 
1030 
1120 

1160 
1100 
1230 

1170 



1130 
1110 
1160 

1240 
1100 
1470 



26 

24 
37 

27 
25 

30 

27 

25 
28 

26 
23 

33 

24 
22 
26 

24 
19 
29 

21 
14 
24 

16 



25 
23 
27 

24 
18 
25 



420 
330 
480 

424 
380 
440 

420 
380 
440 

275 
270 
280 

275 
270 
280 

364 
350 
370 

370 
350 
410 

330 



360 
340 
380 

370 
330 
440 



na 
na 
na 

na 
na 
na 

na 
na 
na 

na 
na 
na 

na 
na 
na 

na 
na 
na 

na 
na 
na 

12 



10 

9 

13 

55 
47 
76 



Zn 



0.19 
0.17 
0.20 

0.19 
0.18 
0,22 

0.20 
0.19 
0.21 

0.23 
0.22 
0.25 

0.22 
0.22 
0.23 

0.23 
0.22 
0.25 

0.23 
0.22 
0.24 

0.24 



0.24 
0.22 
0.24 

0.25 
0.20 
0.30 



Fe 
% 



7.5 
7.5 
7.5 



7.9 
7.8 
7.9 

7.6 
7.5 
7.8 

7.4 

6.8 
8.0 

7.0 
6.3 
8.1 

6.0 



Al 



na 
na 
na 

1 

1 
1 



1.2 
1,2 
1,3 

1,2 
1.2 
1.3 



1.4 
1.3 
1.4 

1.3 



1.3 
1.2 
1.3 

1.6 
0.8 
2.4 



* From sludge filters 

^ From sludge filter tanks 

+ From digesters 



na - not available 



Typical sludge solid weight/liquid volume ratios (gm/ml) 



January 11 


0.081 


January 17 


0.080 


January 26 


0.079 


February 8 


0.073 


February 15 


0.075 


February 22 


0.096 


March 2 


0.12 
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Table ( 2 ) Newmarket 













100 


°C Dried 
















Cd 


Cr 


Pb 


Ni 


Cu 


Hg 


Mn 


Ag 


Zn 


Fe 


Al 


Dec. 19 


X 


2 


2 


90 


7 


210 


1 


180 


10 


512 


0.33 


0.09 




min 


1 


1 


80 


6 


188 


1 


155 


10 


500 


0.31 


0.08 




max 


2 


2 


105 


8 


250 


1 


190 


10 


530 


0.36 


0.10 


Jan. 19 


X 


1 


16 


85 


5 


136 


1 


195 


8 


520 


0.28 


0.10 


*Jan.26 




1 


18 


90 


5 


140 


1 


220 


9 


500 


0.38 


0.20 


*Feb. 2 




2 


14 


70 


7 


130 


1 


210 


10 


530 


0.32 


0.11 


*Feb.l6 




2 


15 


90 


6 


156 


1 


200 


9 


750 


0.35 


0.11 


*Feb.l9 




2 


14 


80 


9 


145 


1 


180 


10 


600 


0.29 


0.13 


Feb. 23 


X 


1 


17 


89 


8 


180 


1 


220 


9 


690 


0.35 


0.11 




min 


1 


14 


83 


7 


170 


1 


200 


3 


600 


0.30 


0.10 




max 


2 


21 


96 


9 


200 


1 


230 


12 


800 


0.39 


0.11 



Mar. 2 



19 



90 



9 



200 



270 



15 



760 



0.41 0.14 



Typical sludge solid weight/liquid volume ratios (gm/ml) 

January 19 0.22 

January 26 0.077 

February 16 0.25 

March 2 0.094 

* single samples 



Table (3) Point Edward 













100 


°C Dried 














X 


Cd 


Cr 


Pb 


Ni Cu 
(mg/1) 


Hg 


Mn 


Ag 


Zn 


Fe 

% 


Al 


♦Dec, 7 


6 


68 


285 


26 


565 


3 


68 


4 


900 


0,63 


3.1 


Dec, 19 


X 


6 


70 


290 


29 


575 


4 


68 


4 


925 


0.65 


3.4 


Jan. 19 


X 


5 


75 


270 


25 


540 


2 


55 


4 


925 


0,68 


3.8 


Jan. 25 


X 


6 


87 


280 


25 


550 


2 


55 


4 


975 


0.63 


4.4 


Feb, 2 


X 


6 


60 


220 


24 


480 


2 


70 


5 


712 


0.69 


4.5 


Feb, 9 


X 


5 


60 


283 


18 


530 


2 


44 


3 


812 


0.22 


na 


Feb. 15 


X 


6 


61 


220 


21 


530 


2 


47 


4 


800 


0,65 


4.2 


Feb. 21 


X 


6 


67 


220 


20 


535 


4 


83 


5 


875 


0,53 


3.8 


Feb. 23 


X 


5 


65 


235 


19 


520 


3 


78 


5 


920 


0.68 


4.0 


Mar. 1 


X 


5 


57 


200 


20 


540 


4 


83 


4 


710 


0.64 


4.4 



Typical sludge solid weight/liquid volume ratios (gm/ml) 

January 19 0.081 

January 25 0.058 

February 15 0,061 

March 1 0.057 

* X computed from 2 samples in each case 
na =. not available 



CHAPTER 2 
NEWMARKET SOILS AND VEGETATION 
DESCRIPTION 

A. Soils and Vegetation came from 2 Farms 

1. Owned by Christian Bros, of Scarborough - Maryvale 
farm, foreman Albert Kenuel. Bounded by Davis Drive 
on north, Don Mills Road on east and Sharon Road on 
west. Soil is clay loam, 

2, Owned by Jack Pegg and rented by M. Langford. Located 
north of Mount Albert Side Road just east of Don Mills 
Road. Soil is sandy loam. 

B. Sample Sites (Refer to Figures la and lb) 
Farm 1 

Soil samples were taken from fields 3 and 2 and wet 
sludge taken during application on Field 3. 
Field 2 - two applications of sludge, once each in 1971 
and 1972. Samples were taken after sludging in 1972. 
Field 3 - Samples were taken before the 1972 applica- 
tion of sludge and thus represent conditions of no 
sludge. 
Farm 2 

Field 11 - Samples were taken after one application of 

sludge. 

Sludge Lagoons - Samples were taken from the south 

lagoon which had been scraped free of its contents and 
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Field 6 
Sludge. 1971 - twice 

- hay 
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- hay 
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Owned by Christian Brothers 
of Scarborough 

Forman Albert Kenvel 



Field 7 
Sludge 1971 



o o 
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FIGURE la 

Newmarket Sludge Disposal Area 1971 - 72 



o Site of soil - core samples for lysimeter studies 
Dirt Roads 
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1 
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1 


Sludge, 1972 
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FiGURElb 

Newmarket Sludge Disposal Area 1971 — 

o Site of soil - core samples for lysimeter studies 


72 








o 
Q 




Field 9 
Jack Pegg 




Sludge 1972 











also from the north lagoon which contained sludge. 
e* Sampling Strategy 

Fields were traversed in a diagonal fashion and 
samples taken every 20 feet. Fields had been ploughed 
so the grab samples are representative of soil down to 
the depth of the furrow. These samples were combined 
to give five lots per field,. 

Vegetation - largely grass was also collected in the 
same manner. 

Sample Preparation 

Soils 

Soils were sieved carefully to prevent contamination, 
to yield a -80 mesh particle size. These were homo- 
genized by careful mixing on large sheets of paper and 
stored for use in separate plastic vials. 

Vegetation 

Soil was cleaned from vegetation by hand picking and 
finally by distilled water washing. In the case of 
the latter any surface contamination by sludge is 
removed . 

PROCEDURES FOR SOIL AND VEGETATION DECOMPOSITION 
Vegetation Ashing 

Grass and tomato samples were ashed at 450 C to a grey 
powder prior to decomposition. Sludge samples could also be 
treated in this manner but enhancement in metal recovery thus 
achieved was not sufficient to warrant the extra time involved 
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To test possible loss of metals at this ashing tempera- 
ture samples were placed in the HGA 70 Perkin Elmer Graphite 
furnace and run on the atomic absorption. No appreciable loss 
of metals other than mercury was noted at a temperature of 
490°C. 
Dissolution of Soils and Vegetation Ash 

Samples were weighed (1.0 g of 100 C dried vegetation 
and 0.5 g of soil) into 100 ml beakers. Vegetation samples 
were ashed at 450°C. Both types of samples were decomposed 
with aqua regia as indicated for sludges . 

Results for soil and vegetation samples are given in 
Table (4). 

Each of the five lots was analysed for metals 3 separ- 
ate times {A, B and C in the table below) . The mean for each 
analysis is given. Grass samples (the only vegetation availa- 
ble from each field) were analysed and values recorded for each 
field. No grass metal values are reported for Cd, Ni, Cr and 
V because they are below the useful detection limit of 0.5, 
1, 5 and 12 mg/1 respectively. Mercury could not be determined 
because of losses on ashing. Enough samples did not exist when 
the mercury method became available to do separate analyses 
for mercury. This will be done in the future. 

The values in the brackets are for vegetation (100 C 
dried) and those without brackets are soils. 
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Table (4) 
Metal Contents of Newmarket Soils and Grass 



I Nickel (mg/l) 

Samples ABC 

Field 3 11 12 17 

2 ,14 13 14 

11 $88 

Lagoon li 10 12 

Sludge truck a 14 11 8 

h If 15 11 

II Cadmium (mg/l) 

Samples ABC 

Field 3 0.7 na 0.8 

2 0.9 na 0.8 

11 0.7 na 0.8 

Lagoon 2.5 2.8 2.7 

Sludge truck a 1.3 1.1 1.2 

.k 1.6 1.6 2.5 

III Manganes e (nig/ 1 ) 

Samples ABC 

Field 3 416 (57) 406 (55) 450 (63) 

2 450 (83) 430 (76) 490 (71) 

11 221 (50) 260 (44) 216 (4 3) 

Lagoon 200 (48) 19 5 (38) 218 (28) 

Sludge truck a 228 303 320 

h 260 260 313 

IV Lead (mg/l) 

Samples ABC 

Field 3 10 (3) 10 (3) 10 (3) 

2 16 (6) 13 (7) 13 (6) 

11 15 (6) 12 (5) 12 (5) 

Lagoon 72 (4) 77 (4) 98 (4) 

Sludge truck a 52 35 38 

h 61 na ,5S 

^ Copper (mg/l) 

Samples ABC 

Field 3 9 (7) 12 (8) 12 (6) 

2 14 (11) 18 (14) 18 (11) 

11 16 (11) 18 (12) 16 (11) 

Lagoon 242 (15) 380 (16) 335 (17) 

Sludge truck a 136 138 125 

h 88 77 80 
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Table (4) (cont'd) 

Metal Contents of Newmarket Soils and Grass 

VI Chromium (mg/1) 

Samples ABC 

Field 3 13 11 16 

2 14 13 17 

11 10 8 11 

Lagoon 11 14 16 

Sludge truck a 15 17 16 

b 14 22 21 

VII Zinc (mg/1) 

Samples ABC 

Field 3 21 (27) 28 (26) 32 (24) 

2 44 (68) 53 (67) 53 (57) 

11 71 (43) 84 (47) 89 (46) 

Lagoon 2170 (140)1900 1950 (14 4) 

Sludge truck a 378 351 356 

b 543 553 541 

VIII Iron % 

Samples ABC 

Field 3 2.4 (.05) 1.7 (.04) 2.4 (.07) 

2 2.4 (.13) 1.8 (.08) 2.4 (.13) 

11 1.4 (.02) 1.3 (.02) 1.4 (.02) 

Lagoon 0.5 (.02) 0.5 (.01) 0.7 (.01) 

Sludge truck a 0.8 0.5 0.8 
b 1.0 0,5 0.9 

na ~ not available 

Tomato fruit samples were collected from the sewage 

lagoon. These were analysed for metals. These values were 

compared with those obtained on tomatoes which were harvested 

from an area thought to be low in metals. See Table 5. 
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Table (5) Tomato Metals 
.00°C Dried 
No Sludge Sludge 



mg/1 100°C Dried 



Zinc 


16 


30 


Copper 


t 


12 


Iron 


m- 


55 


Lead 


0.8 


1.2 


Manganese 


3 


14 



No conclusions should be made from the above data. 
Much more work is essential before trends can be obtained in 
this regard. 
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CBiAPTER 3 

HEAVY METAL DISPERSION FROM SLUDGES 
THROUGH WATER TRANSPORT 

Because of the high levels of heavy metals in sludges 
it is important to study the transport of these substances 
from the point of disposal to aquatic environments. This 
occurs as the result of leaching by precipitation and run-off, 
or through direct interaction of sludge with standing water or 
ground water. There are two modes of heavy metal transport in 
waters, with particulate matter and as soluble species. 

Initial experimentation showed that the dividing line 
between "particulate" metal and "soluble" metal was hard to 
define. A good deal of effort during the early phases of this 
work must be spent in defining the size range .of materials 
transported in order that some hypothesis of dispersion can be 
obtained. 

Water samples were collected from the area of the 
sludge disposal site near the North Toronto sewage treatment 
plant during episodes of precipitation especially during heavy 
spring run-off periods. These samples were filtered through 
membranes of varying pore sizes and the resultant liquids 
analysed for total heavy metals. The filters pore sizes 
chosen were 60p (Whatman #44 paper), 5p , 1.2p, 0.8p and 0.45u. 
It was difficult, and in most cases impossible, to force these 
waters through membranes of smaller pore size. Most work was 
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done with the Sy and 0.45y filters. 

The filter apparatus used was obtained from Millipore 
Co, Ltd. (Montreal Quebec) . It consisted of a plastic filter 
holder (no metal parts) and disposable all plastic syringes. 
This equipment was acid washed and distilled water rinsed 
prior to use . Filter membranes were also thusly treated . 

The liquids obtained by the above filtration were 
treated with acids and evaporated to dryness to obtain a total 
decomposition of metal containing complexes and particles. The 
metals were dissolved in dilute acid, the solutions buffered 
and the metals extracted using ammonium pyrolidine dithio- 
carbonate (APDC) and methyl isobutyl ketone (MIBK) by a method 
similar to Brooks et al (6) . 

Filter membranes containing trapped particulate were 
placed in acid washed 100 ml beakers and ashed at 450°C. The 
residue was acid extracted as for sludge . The solutions were 
evaporated to dryness and the metal dissolved in dilute acid. 
A buffer was added and the metals extracted using APDC and 
MIBK as Indicated above. Blank membranes were also ashed and 
analysed. The values thus obtained were subtracted from the 
sample values. 

Results for both the liquid and particulate analyses 
were expressed on the basis of metal content per volume of 
liquid filtered. Units used are micrograms per litre (ppb) in 
these cases. 

Samples studied include sludge liquids from the North 
Toronto Point Edward and Newmarket plants and run-off from the 
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North Toronto plant sludge disposal area. 

Results for Sludge liquids are given in Table (6) 
Table (6) Metals in Sludge Liquid (ppb) 

(A) Membrane Trapped Particulate 

Location Filter Zn Fe Pb Ni Cu Cd 

Point Edward 5 . Oy 0.3 20 

0.45y 0.5 120 

Newmarket 5 . Oy 5 65 

1.2m 9 250 

0.8y nd 20 

0.45y 1 70 

North Toronto 5. CM 4 100 

0.45P 5 120 

*Don River 0.45y 1 20 nd nd nd nd 

* Sample above North Toronto effluent flow 

(B) Metals in Filtrate 

Location Filter Zn Fe Pb Ni Cu Cd 

Point Edward 60M 20 500 nd 27 10 1 

5y 20 425 nd 22 10 1 
0.45y 9 200 nd 25 3 1 

Newmarket SOP 70 56 nd 65 25 1 

5P 70 43 nd 62 25 1 
0.45y 110 116 nd 65 25 1 

North Toronto 60y 235 57 nd 125 530 1 

5u 195 50 nd 115 550 1 
0.45y 75 33 nd 110 540 1 

*Don River 0.45y 53 44 7 15 12 0.5 
nd = not detected 
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Run-off Samples at North Toronto 

Samples of water run-off during periods of precipita- 
tion and spring run-off were taken from in and around the 
sludge disposal area at the North Toronto sewage treatment 
plant. The following is a description of the sample sites. 
Please see Figure 2 also. 
Sample Sites 

S (1) Drainage ditch receiving run-off from adjacent sludge 
piles taken 10 feet from piles. 

S (2) Drainage ditch with grade higher than sludge piles 

receiving mainly water from the treatment plant road. 
Samples taken 20 feet from sludge piles. 

S (3) Run-off water sample from a point within the sludge 
piles. 

S (4) Drainage ditch receiving water from adjacent piled 
sludge. Sample taken 20 feet from piles. 

S (5) Persistent puddle on road adjacent to sludge piles. 

Water commonly flows over the road into railway embank- 
ment on the other side. 

S (6) Drainage ditch receiving run-off from adjacent piles of 
sludge. Samples taken 20 feet from piles. Water drains 
from here under the road into railroad drainage ditch 
near sample S (8) . 

S (7) Drainage from railroad ditch as it enters concrete abut- 
ment. From here drainage appears to be under the rail- 
road tracks into the Don River. 

S (8) Drainage from sludge pile ditches as it is received in 
the railroad ditch. Samples taken in the bottom of the 
railroad ditch. 

Samples were filtered through 5y and 0.45y pore size 

membranes. Filtrates were analysed for metals and the results 

given in Table 7. 
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Table (7) Run-Off Metals in Filtrate (ppb) 



Sample 


Filter 


Zh 


Fe 


Pb 


Ni 


Cu 


Cd 


SI 


5.0 V 


6 


125 


nd* 


21 


25 


0.4 




0.45y 


r^ 


70 


nd 


20 


25 


0.2 


m 


5.0 y 


Ml 


250 


nd 


21 


48 


0.5 




0.45p 


■t 


95 


nd 


17 


34 


0.4 


03 


5.0 M 


if 


na 


8 


33 


20 


0.5 




0.45P 


11 


na 


3 


35 


20 


0.4 


m 


5.0 u 


? 


15 


nd 


10 


36 


0.6 




0.45vi 





19 


nd 


9 


30 


0.5 


S5 


5.0 M 


i 


na 


nd 


70 


28 


0.5 




0.45y 


nd 


na 


nd 


70 


19 


0.4 


:Sf^ 


5.0 y 


125 


220 


4 


21 


54 


2 




0,45y 


175 


210 


$ 


21 


53 


a 


S7 


5.0 y 


46 


210 


4 


24 


84 


i 




0.45y 


if 


200 


nd 


24 


81 


0.6 


■fS; 


5.0 y 


4i 


185 


2 


25 


81 


I 




0.45y 


€2 


180 


nd 


25 


76 


1 



Results for the analysis of particulate matter 
trapped by membranes were not completed and will appear in the 
next report. 

Data, at this stage, suggest that the large propor- 
tion of all metals tested, except lead, pass through even an 
0.45y pore size. Because of difficulties in passing waters 
through lower pore sizes (even distilled water will not pass 
an 0.04y filter) no conclusions regarding the form (i.e. sol- 
uble or particulate) of the metal can be made at this time. 
The fact that the metals will pass these fine pore sizes 
suggests a potential for long distance dispersion from the 
source. 



* nd = not detected 
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CHAPTER 5 
PRECISION AND ACCURACY OF RESULTS 
A SOLIDS 

No standard sludge samples exist on which to test 
accuracy. However, the National Bureau of Standards 
(Washington D.C.) has available Standard Orchard Leaves S.R.M, 
#1571 and Bovine Liver S.R.M. #1577. These samples will give 
a good indication of the accuracy obtained on samples with an 
organic matrix. These samples were run during routine labor- 
atory operations and the results given in Table (8). 

Table (8) NBS Standards fma/l ) 

Stn. Cd Cr Pb Ni Zn Cu Fe Hg Mn 

1571 NBS 0.1 2.3 45 1.3 25 12 300 0.16 91 

Ours 0.2 2.5 43 1.3 32 9 260 0.12 81 

1577 NBS 0.3 na 0.34 na 130 193 270 nd 10 

Ours 0.3 34 3.5 1.1 131 170 252 0.016 9 

To check on repeatability two control sludge samples 
were chosen and repeated with each set. This will give some 
indication of variation within the sample as well as operator 
repeatability. To try to obtain another measure of operator 
repeatability a single sample was dissolved and analysed five 
times using the same sample solution. This would eliminate 
variation from sample inhomogeneity . Results for these tests 
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are given in Table (9) . 



#r' 



Pb 



Table (9) Repeatability 

Ni Cu Hg Mn Ag 
mg/1 



Zn 



Fe 



Al 



One Sample Solution Repeated 


5 times 












X 14 550 790 


28 


860 


— 


430 


49 


0.23 


7.8 


1.3 


min 13 530 760 


27 


850 


- 


410 


48 


0.22 


7.6 


1.3 


max 14 560 820 


30 


900 


-• 


450 


50 


0.23 


7.8 


1.3 


North Toronto Control 


















X 12 525 790 


25 


930 


21 


420 


48 


0.19 


7.7 


1.3 


min 11 460 680 


23 


900 


19 


370 


40 


0.18 


6.0 


1.2 


max 13 560 880 


27 


960 


28 


450 


58 


0.21 


8.2 


1.4 


Newmarket Control 


ppm 




X 2 18 97 


5 


160 


1 


220 


10 


490 


0.29 


0.10 


min 1 13 67 


4 


130 


1 


180 


9 


425 


0.24 


0.09 


max 2 21 137 


8 


180 


1 


240 


10 


540 


0.32 


0.11 



This data suggest a sample inhomogeneity problem, A 
test was made on several samples of sludges taken at the same 
time. Analyses of different bottles showed a spread similar 
to that shown by the control sample. Hence it is doubtful 
that a grab sludge sample is i^epresentative of the sludge in a 
digester tank. For this reason results for sludge samples 
(Tables (1) and (2) Chapter 1) were reported as mean values for 
the day with limits of maximum and minimum to indicate the 
spread in values. 



B LIQUIDS 

The Environmental Protection Agency (Cincinnati, Ohio) 
provides water sample standards containing heavy metals. These 



were analysed during the routine laboratory operation and the 
results recorded in Table (10) . 

Table (10) EPA Water Standards 
Ppb 
Zn Fe Pb Ni Cu Cd 



EPA 1 Ours 11 18 31 <1 

EPA 10 18 29 

EPA 2 Ours 74 368 102 1 

EPA 79 402 92 

EPA 3 Ours 370 720 na <1 

EPA 367 769 350 



9 


1.5 


9 


1.8 


72 


16 


67 


16 


320 


70 


314 


73 



na = not available 

Because of the volumes of samples involved repeata- 
bility as assessed by control sample could not be obtained. 
EPA sample 1 was analysed 3 times and the repeatability was as 
follows (ppb) Zn tl, Fe -2, Cu ±0.5, Cd to,2. 
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APPENDIX II 
RECENT RESULTS OF VEGETATION STUDIES 



Recent Results on Vegetation Studies 
(March 1973 - November 1973) 

This research was carried out during the 1973-74 
contract period and will appear as part of the final report 
for that contract in March 1974. 

Recently, mercury results have been obtained which 
should be made available to interested workers as quickly as 
possible. For this reason, the following section has been 
added to what is basically the final report of work done on 
a contract covering the period up to March 1973. 

Growing Medium: Sludges from the North Toronto plant 
containing up to 40 mg/1 mercury were applied to a sandy loam 
soil. Soils thus produced had mercury levels up to 15 mg/1. 
The soil pH at the beginning and end of the experiment was 
about 7.5. 

Sample Preparation for Analysis: Samples were taken 
at all stages of growth. Most of the vegetation was 
meticulously washed with a laboratory detergent solution, each 
piece being individually rubbed by hand. Some was left un- 
washed to document possible problems due to surfical contami- 
nation. 

Material was analyzed both fresh, as received and 
after drying at 75°C. No loss of mercury was detected at this 
drying temperature for the samples studied. 

The analytical method involved flameless atomic 
absorption. Standard Reference Material 1571 (Orchard Leaves) 
was used as a control sample. Results ranged from 0.11 to 0.14 
mg/1 compared with the NBS provisional value of 0.155 ± 0.02 
mg/1. 

Vegetation Grown on Sludges Soil - Samples Washed 
Carefully: The following table lists the mercury content of 
vegetation grown on sludged soils compared to control plots. 
Samples were meticulously washed prior to analysis. 



as 



Table 



Mercury Content of Vegetation- 



o 



Material Dried at 75 C - mg/1 



Sample 
Wild Barley 

Quack Grass 

Bean 



Tomato 



Carrot 



Lettuce 



(Green) 
(Red) 



Part 

Leaf 
Seeds 

Leaf 
Seeds 

Pods* 
Plant 
Roots 

Fruit 
Fruit 
Plant 
Roots 

Root 
Tops 

Leaf 



Sludged 

0.18 
0.12 

0.16 
0.13 

0.6 

0.24 

0.24 

6.0 
12.2 
0.36 
0.35 

0.30 
0.31 

0.24 



Control 

0.12 
0.09 

0.14 

0.10 

0.14 
0.28 
0.14 

0.26 
0.24 
0.32 

0.33 

0.30 
0.28 

0.24 



* All results in this table are the mean of at least 10 
determinations except in the case of the bean pod where 
sample availability restricted determinations to two. 

Statistically the variation is such that there is no 
significant difference between the mercury content of sludge 
or control plot vegetation except in the case of the tomato 
fruit and bean pods. In these cases the mercury content of 
sludge grown vegetation is up to 50 times that of the control. 

In terms of a fresh tomato (not dried as in Table) 
the level of mercury in the fruit of samples grown on sludged 
plots is up to 1 mg/l. In Canada and the U.S.A. the permitted 
level of mercury in food stuffs is 0.5 mg/1. 

Vegetation Grown on Sludged Soil - Samples Unwashed: 
Samples analyzed above were meticulously washed to exclude, as 
much as possible, mercury bearing sludge dust which might 
contaminate the surface of the plant. 
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From a practical point of view a house-wife seldom 
washes vegetables as carefully as outlined above. It is 
felt in some cases it is likely that little, if any, effective 
washing occurs. This would certainly be the case when 
vegetables are consumed while walking in the garden. 

With these possibilities in mind unwashed vegetation 
was analyzed. Unwashed samples of all types on a fresh, 
undried, basis were found to have as much as 3 mg/1 mercury 
on a wet weight basis ^ 

Mercury Contamination of Forage Crops Due to 
Improper Sludging Practice: The Ontario Government 
requires the sludge be applied to plowed fields or that the 
sludges area be plowed to prevent surface contamination 
of vegetation. Despite this regulation, due to a lack of 
supervision, large areas of forage grasses are sludged but 
not subsequently plowed. As a result animals can ingest 
vegetation with up to 3 mg/1 mercury. 

Conclusion; Obviously a good deal more data is 
essential before final conclusions can be made regarding the 
plant uptake of mercury. The present data suggests an appreci- 
able uptake in the case of tomato fruit and possibly bean pods- 
Levels were found to be up to 50 times higher in material 
grown on sludged plots compared to control samples. It 
must be again emphasized that this data was obtained on plants 
grown in alkaline rather than acidic soils. 

Present data is inconclusive regarding plant uptake 
of heavy metals. However, as in the case with mercury, unwashed 
samples contained high levels of all metals being studied. 
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